ABSTRACT. In the present study, we tried to detect DNA for ribosomal RNA genes of piroplasma parasites from the liver or blood of 43 Japanese serows (Capricornis crispus) in Iwate Prefecture of Japan by polymerase chain reaction. Approximately 500-bp amplicons were obtained in 35 (81.4%) of the 43 samples by amplification for V4 hyper-variable regions of the 18S rRNA gene, and the amplicons were considered to be DNA of Theileria species. The complete nucleotide sequences (1,700 or 1709 bp) of the 18S rRNA gene were determined in 20 samples and were divided into 5 genotypes that were phylogenetically separated into two different lineages showing a polyphyletic relation. The Theileria DNAs of the two different lineages were considered to be those of distinct species.
Tick-borne piroplasms of the genus Theileria mainly infect herbivorous animals, and infections with highly pathogenic species such as T. parva and T. annulata result in bovine theileriosis and cause enormous economic losses in the livestock industry. Infections with Theileria species in wild ruminants have been reported in white-tail deer (Odocoileus virginianus) [9] , elk (Cervus elaphus canadensis) [1] , sika-deer (Cervus nippon centralis) [6] , mule deer (O. hemionus) [8] , fellow deer (Dama dama) [3] , and water deer (Hydropotes inermis argyropus) [5] .
Japanese serows (Capricornis crispus), which belong to the family Bovidae, are widely distributed in Japan except for Chugoku district and have been designated as a Special Natural Monument species by the government of Japan. Although parasitic helminthes, such as Cercopithfilaria and Protostrongylus nematodes [11, 12] , and coccidian protozoa such as Eimeria species [2] , have been found in Japanese serows, there is no published report on piroplasm protozoa in the serow, though only data on DNA sequence have been deposited in DNA Data Bank of Japan. We report here the first detection of Theileria species in the Japanese serow and the phylogenical relations between the protozoa and Theileria species detected in domestic and wild animals.
Blood or liver samples were obtained from 43 Japanese serows that died an accidental and natural death in Iwate Prefecture (38.8 to 40.4°N, 140.7 to 141.9°E), Japan during the period from 2004 to 2010 and were kept at -80°C until DNA extraction. Blood smears of the samples were not observed for piroplasma protozoa, because the samples were not fresh enough for smear preparations. Total DNA was extracted from each sample by using the PCR Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany) and stored at -25°C. First, we amplified the V4 hyper-variable region of the 18S rRNA gene according to the method of Gubbels et al. [4] . Briefly, the PCR mixture contained 9 µl of total DNA, 2.5 µl of 5×Go Taq buffer (50 mM Tris-HCl, 50 mM NaCl, 5 mM MgCl 2 ), 0.1 µl (25 mM) of dNTP, 0.13 µl (50 pmol/µl) of each primer (RLB-F: 5'-GAGGTAGTGACAAGAAATAACAATA-3', RLB-R: 5'-TCTTCGATCCCCTAACTTTC-3'), 0.063 µl of Taq DNA polymerase (Promega, Madison, U.S.A.) and 0.577 µl of Milli-Q ® water and was prepared in a total volume of 12.5 µl. PCR conditions were initially 95°C for 5 min, followed by 45 cycles of 95°C for 30 sec, 55°C for 30 sec and 72°C for 90 sec, and a final extension step at 72°C for 5 min. All amplifications were performed using TaKaRa PCR Thermal Cycler Dice TM mini (TaKaRa BIO INC, Shiga, Japan). PCR products were directly sequenced by using BigDye ® Terminator v3.1 Cycle Sequencing Kits (Applied Biosystems, Foster City, CA, U.S.A.), RLB-F and RLB-R primers, an ABI PRISM ® 3100-Avant Genetic Analyzer (Applied Biosystem) and Sequencing Analysis ver. 3.7 (Applied Biosystems). The nucleotide sequences obtained were assembled by using ATGC ver. 6 (Genetics, Tokyo, Japan) and analyzed by using BLAST program version 2.0 of the National Center for Biotechnology Information for detection of homologous sequences.
For DNA samples in which sequences of the V4 region were closely related to those of Theileria spp., the full sequence of the 18S rRNA gene was also determined by the above-described PCR amplification using three sets of primers, RIB19 (5'-CGGGATCCAACCTGGTTGATC-CTGC-3') [13] and RLB-R [4] , SeqF3 (5'-CAGAGTAT-CAATTGGAGGGC-3') and SeqR2 (5'-TCGATGGACGC A T C A G T G -3 ' ) , a n d S e q F 5 ( 5 ' -C T T A G A G G -GACTTTGCGG-3') and SeqR1 (5'-CTTCCTTTAAGTGA TAAGGTTCAC-3') [6] . The determined sequences were aligned with the sequences registered in GenBank by using Clustal X ver. 1.83 and were analyzed phylogenetically by the neighbor-joining method using PAUP Approximately 500-bp products were detected in 35 (81.4%) of the 43 samples by amplification for the V4 hyper-variable region. The amplicons were considered to be DNA of Theileria species because the sequences of the amplicons were the most homologous to those of Theileria spp. DNA sequences (1,700 or 1,709 bp) of the 18S rRNA gene were determined in 20 of the 35 positive samples and were divided into 5 genotypes (Iwate 1-1, 1-2, 1-3 , 2-1 and 2-2) based on 37 variable sites in the sequences. Iwate 1-1,  1-2, 1-3, 2-1 and 2-2 were detected in 12, 1, 1, 3 and 3 samples, respectively. A phylogenetic tree showed that the three genotypes Iwate 1-1, 1-2 and 1-3 and the two genotypes Iwate 2-1 and 2-2 belonged to two different clades represented by Clade 1 and Clade 2, respectively, which diverged in a relatively early stage of the evolutionary process in the genus Theileria (Fig. 1) This is the first published report on DNA sequences for ribosomal RNA genes of Theileria species in the Japanese serow, although available sequences (AB012200-AB012202) from Capricornis crispus have been deposited in Genbank, and the results of this study suggested that there might be a high prevalence of Theileria infections in Japanese serows. Further epidemiological studies on Theileria protozoa in the ruminant will be needed to clarify the prevalence in Japan. The Theileria DNA separated into two lineages showed a polyphyletic relation in the tree. Additionally, the levels of sequence divergence (2.0-2.9%) between genotypes of the two lineages were high compared with those between two different Theileria species: 1.4% between Theileria ovis (AY260171) and T. capreoli (AY726011), 1.5% between T. annulata (AY508466) and T. parva (AF013418), and 1.9% between T. lestoquardi (AF081135) and T. taurotragi (L19082). These findings indicate that the Theileria isolates divided into the two lineages are probably distinct species. Interestingly, Theileria sp. of Iwate 1-1, 1-2 and 1-3 had very similar relations to Theileria sp. derived from sheep in China (AY262115, AY262117, AY262118 and AY262119) [10] , although the two Theileria sp. notably differed in geographical sources (Japan vs. China) and host species (Japanese serow vs. sheep).
